Background: Many papers showed that long-lasting exposure to hypobaric hypoxia changed the
Introduction
Many papers showed that chronic exposure to hypobaric hypoxia changed the metabolic cost of work [1] and substrate contribution [2] during efforts performed at the sea level, elevating exercise energy expenditure and carbohydrates utilization [3, 4] . Holloway et al. [5] postulated that changes in cardiac high-energy phosphate metabolism may underlie the myocardial dysfunction caused by hypobaric hypoxia. Cardiac response to hypobaric hypoxia resulted in persistent changes in cardiac mass, function, and energy metabolism after trekking to Mt. Everest Base Camp. According to Esposito et al. [6] , theoretical models of VO 2max limitation seem to contradict the lack of VO 2max increase in hypoxia, suggesting a possible role of increased ventilation-perfusion mismatch. This may also affect the ability to perform physical exercise after returning to the sea level.
Hypobaric hypoxia affects cerebrovascular responses to incremental exercise and results in cerebral deoxygenation at maximal intensity. Cerebral oxygenation appears to be an important variable influencing fatigue under hypobaric hypoxia, since the reversal of cerebral deoxygenation at maximal exertion was associated with increased performance [7] .
Functional analyses revealed positive effects on VO 2max (when measured at altitude) on the maximal power output and on lean body mass. In addition to the positive effects of hypoxia training on athletic performance, there is some recent indication that hypoxia training has a positive effect on the risk factors for cardiovascular diseases [8] .
Some authors suggest that hypobaric hypoxia does not influence adaptation changes in a statistically significant way while performing sub-maximal efforts [9, 10] . Other authors write that the adaptations abilities could significantly change during such efforts [11, 12] .
Due to this fact, the aim of the study was to assess the impact of a prolonged sojourn at high altitude on the physiological cost of sub-maximal work performed at the sea level.
Material and Methods

Subjects
Eight members of high altitude expeditions to Lenin Peak 7,134 m a.s.l. and Somoni Peak 7,495m a.s.l., 7 males and 1 female, mean age 26 (±4.1) years, volunteered for this study. Physical characteristics of the examined group (mean ± SD) are shown in Table 1 . The sea level examinations were performed 7 days before the expedition (BEx) and 7 days after (AEx) the last day at over 2,500m a.s.l. Participants spent 32 (±3) days at over 2,500m a.s.l. at the mean altitude of 4,712m a.s.l. (±499m) (Fig. 1) . Considering a similar character of the two expeditions -siege mountaineering expedition for two 7,000m peaks, altitudes of the base camps and average periods of altitude sojourn, the two groups of alpinists were analysed together.
All volunteers gave informed consent to participate in the study which was approved by the Medical University of Gdansk Regional Ethics Committee.
Anthropometric measurements
Body mass (BM) and body composition were estimated using a bioelectrical impedance floor scale (TBF-300 Body Fat Monitor/Scale Analyzer, Tanita, Japan) calibrated in accordance with the manufacturer's guidelines prior to each test session. One hour following a light breakfast, participants voided their bladders and bowels and, clad only in briefs, underwent duplicate measures in the standing position recommended by the manufacturer's guidelines. The following parameters were assessed: body mass ]. All results are presented in Table 1 .
Tab. 1. Anthropometric characteristics of the examined group
N=8
Before the expedition After the expedition TBW (kg) 44.9 ± 5.9 45.4 ± 6.9 FAT = fat mass; FFM = free fat mass; BMI = body mass index; BMR = basal metabolic rate; TBW = total body water; Values are means ± SD; * Significant differences (p < 0.05) vs. before expedition Sub-maximal exercise and VO 2max test was performed on a cycloergometer ER900 (JaegerViasys, Germany). This test started at 2 min of resting phase in the seating position, and then turned to 6 min test phase at the power output of 1.5W·kg
. 
Statistical analysis
Statistical analyses were performed using STATISTICA software 7.0 (StatSoft, USA). The differences between results of physical performance and body composition at the sea level before and after the expeditions were analyzed using Student's t-test. The level of statistical significance (p) was set at 0.05.
Results
Seven days after a high altitude expedition (32 days at over 2,500m a.s.l.) we observed statistically significant (p<0.005) differences of time (vs before the expedition) in some cardiorespiratory parameters. The obtained data showed a significant increase (p<0.05) in mean values of the heart rate -HR stst [bpm] (124±16 vs 130±11) and minute ventilation -VE stst [L min -1 ] (38.2±6.6 vs 48.1±8.1) during sub-maximal effort, for the pre-and post-expedition measurements respectively. Figures 2 and 3 present these differences. Fig. 2 . Heart rate -HR stst (bpm) during sub-maximal effort before (BEx) and after (AEx) the expedition ) during sub-maximal effort before (BEx) and after (AEx) the expedition 
Discussion
The aim of the present study was to assess the impact of a prolonged sojourn at high altitude on the metabolic cost of sub-maximal work performed at the sea level.
It was demonstrated that high altitude expeditions (32 days in the mountains at over 2,500m a.s.l. on the mean altitude of 4,712m a.s.l.) have an impact on changes in adaptations of submaximal work performed at the sea level.
In our study the specific parameter of a human's aerobic capacity VO 2max decreased but not to statistically significant degree (Tab 1). This is confirmed by other authors [11, 13] . Therefore, it appears that repeated short-term exposures to hypoxia during intense physical training do not significantly contribute to the mechanisms responsible for the improvements in aerobic performance observed at the sea level.
After high altitude expeditions we observed a reduction in the total body weight in our tested subjects. This happened at the expense of a statistically significant decrease in FAT (Tab. 1).
The obtained data showed a statistically significant increase in the heart rate during submaximal effort (Fig. 2) . This might have occured as a result of changes in pressure in the heart. According to Holloway et al. [5] , within 4 days of return from 17-day trekking to Mt. Everest Base Camp (5,300m) the total body weight in the tested people had fallen by 3%, but left ventricular mass, adjusted for changes in body surface area, had disproportionately decreased by 11% (p<0.05). Acute hypoxia in spontaneously breathing anaesthetized animals caused increases in sympathetic nerve activity, increased release of catecholamines, increases in the heart rate and regional vasoconstriction [14, 15] . However, the effects of hypoxia on the human sympathetic nervous system are more difficult to determine, and often indirect methods of assessment have been employed.
A sojourn at high altitudes stimulates incremental physiological cost of work in respiratory muscles. Nervous and chemical regulation of breath should decrease ventilatory parameters after returning to the sea level [16, 17] , contrary to what has been observed. This is determined by a statistically significant increase in minute ventilation (Fig. 3) during sub-maximal effort after 7 days of high altitude expeditions. Tidal volume (Fig. 4) and breath frequency (Fig. 5) increase, but in a statistically insignificant way.
At the same time, many authors suggest that growth factors such as HIF-1α and TNF-α lead to increased carbohydrates metabolism [8, 18] . A higher level of RER (due to an increase in the value of carbon dioxide and equal to oxygen uptake) after mountain trekking in our participants suggested the retained increased carbohydrate metabolism (Fig. 6 ).
Conclusions
Prolonged sojourn at high altitude changed the ventilatory parameters of sub-maximal work measured at the sea level. However, the respiratory exchange ratio remained at the high level according to the baseline. We suggest that the adaptive changes introduced during the sojourn remain at the sea level and cause increased carbohydrate metabolism and elevated total physiological cost of work.
